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Introduction
Cancer is one of the principal causes of morbidity and mortality around the world; in 2015 there were 8.8 million deaths. It is estimated that the number of new cases will increase by approximately 70% in the next 20 years 1, 2 . In Colombia from 2007 to 2011 there were an estimated 29,734 new cancer cases (men) and 33,084 (women) per year. The age standardized incidence rate (ASIR) for every cancer, except skin, per 100,000 inhabitants was 151.5 in men and 145.6 in women 3 .
In response, the Ministry of Health and Social Protection and the National Cancer Institute (or INC) implemented the Model for Cancer Control in Colombia in 2006. This model defines cancer control as a series of activities that seek to decrease the burden of the illness in Colombia. In order to execute the plan, a description of the epidemiological situation and an evaluation of the determinant factors is fundamental, which allows the health system to orient oncological service and ensure an adequate social response 4 . The Decade Cancer Control Plan (or PDCC) 5 focuses its actions on the control of breast, cervix, prostate and colorectal cancer as well as acute pediatric leukemia. These tumors, in addition to stomach cancer, correspond to 31.7% of cancer mortality in Colombia during 2007-2011 3 .
Since 2000 the mission of the Population-based Cancer Registry of Antioquia (or RPC-A) is to offer reliable and high-quality cancer data in the state of Antioquia and facilitate the implementation of prevention and diagnostic programs and integral cancer care to diminish the burden of this disease in the region. Currently, the RPC-A is part of the International Association of Cancer Registries (or IACR) and the Network of Population-based Cancer Registries of Colombia, alongside the RPC of Cali, Bucaramanga, Pasto, Manizales and Barranquilla.
The present study aims to describe the cancer incidence and mortality in Medellin during 2010-2014, as both a contribution from the RPC-A to understand better the epidemiological behavior of cancer in the state of Antioquia and to come closer toward achieving the objectives outlined in the PDCC.
Materials and Methods
Medellin is the second most populated city in Colombia, capital of the state of Antioquia. The city is situated in the middle of the Central Mountain range of the Andes, 1,538 meters above sea level. The weather is warm with little variation in temperature throughout the year. The Medellin River runs through the entire length of the city. It is the nucleus of the metropolitan area in the Aburra Valley. The other neighboring municipalities from north to south are Barbosa, Girardota, Copacabana, Bello, Envigado, Itagüí, Sabaneta, La Estrella and Caldas. Industry represents 43.6% of the internal product. The industrial sectors in order of economic participation are the textile industry (20%), chemical products and substances (14.5%), beverages (11.0%) and food (10.0%). The remaining 10.0% include sectors such as metal mechanics, electrical and electronic industries, among others 6 .
Population
The inhabitants descend from a mixture of European, Indigenous and African origin, with a clear preponderance of the first. 8, 9 . The cases were entered into the system designed by the RPC-A to eliminate duplicates, process and complement the data. The identification of multiple primary tumors follows the norms established by the IACR 10 . Tumor topography (localization) and morphology (histology) were codified with the International Classification of Diseases for Oncology Third Edition (or CIE-O-3) 11 . In order to compare the data, some localizations were grouped together.
To ensure quality the RPC-A employs a set of indicators, exhaustiveness indicators (percentage of incident cases identified by death certificate and cause of death/incidence) and validity indicators (distribution of cases according to the most valid base for a cancer diagnosis and percentage of microscopically verified cases).
The rates of incidence and mortality are calculated conventionally, utilizing the mid-year population estimates and projections denominator calculated by the official 2005 Census 12 . Cases without age (0.5% 111/22,379) and in situ tumors were excluded from the study. In the case of cervical cancer, the incidence rates for invasive and pre-invasive neoplasms were calculated separately. The age adjusted rates were estimated by direct methods with the world population standard (or SEGI), the specific rates were calculated by variable: gender, localization and five-year age ranges (18 categories). The incidence and mortality results are presented for the 2010-2014 time period in their corresponding tables and graphs.
Results
From 2010 to 2014, 56,650 new cancer cases were registered in the RPC-A, (60.1% in women); and 30,465 cancer deaths were certified in the state of Antioquia (48.4% in men). Forty-five percent of the cases and 48.9% of cancer deaths occurred to permanent residents in the municipality of Medellin.
Of the 22,379 new cancer cases diagnosed in Medellin, 61.6% were women. The average age for cancer diagnosis was 63 for men and 55 for women. The specific rates, crude rates (CR) and age standardized rates (ASR) with the world population are expressed per 100,000 people-year (p-y). For men the cancer incident rate per 100,000 people per year (p-y) for all localizations was 171.3 (CR) and 144.4 (ASR). In women the CR was 202.9 and the ASR 145.6.
Among men the five principle cancer localizations were prostate (26.9%), colorectal (7.8%), stomach (7.3%), lung (6.1%) and bladder (6.1%). Among women the most frequent localizations were: breast (25.8%), thyroid (13.6%), colorectal (7%), cervix (5.5%) and lung (4.4%). In all, these localizations represented 54.7% of all the new cancer cases diagnosed during the five-year period.
Of the 14,922 cancer-related death certificates issued in Medellin, 53.4% were for women. The average age at the moment of death was 68 for men and 67.2 for women. Among men the cancer mortality rates per 100,000 p-y for all localizations was 123. For the PDCC-cancer group the CR and the ASR per 100,000 p-y was 72.3 and 60.9 in men and 86.3 and 61.3 in women.
During the 2010-2014 period there were 2,254 women with preinvasive cervical lesions, in 44 cases the age was unknown, CR was 35.6 and the ASR 30.5.
Quality criteria for incidence data Table 1 shows the quality indicators for the incidence information during 2010-2014 period for malignant tumors prioritized in the PDCC. The percentage of diagnosed cases with microscopic verification (histology of primary tumor, cytology and bone marrow aspiration) for men and women was 99.8%; in this tumor group the percentage of registered cases that only had a death certificate as its only evidence was 0.2%. The global cause of mortality: incidence was 0.67 for the total population, 0.72 for men and 0.62 for women.
Breast Cancer: The average age of diagnosis was 58 years old, 42.5% in people below 50 years of age and only 12.5% over 80.
Cervical Cancer:
The specific incidence rates of invasive cervical cancer reached a maximum value of 20 per 100,000 at approximately 30 years of age and later leveled off and remained stable for all age groups, half of the cases were diagnosed before 50 and only 4.3% over 80 (Fig 2) .
Pre-invasive Cervical Neoplasms:
The peak incidence rate for pre-invasive cervical lesions occurred between 35 and 39 years old, 60.8% were diagnosed before 40.
Prostate cancer:
The average age of diagnosis was 68, 65 for colorectal cancer, 65 for stomach cancer and 7 for acute pediatric leukemia (Fig 2) .
Mortality by PDCC malignant tumors in Medellin
During 2010-2014, the PDCC-cancers represented 33.5% (4,993) of the total cancer deaths in Medellin (14,922); 2,798 (56.0%) of the deaths occurred in women and 2,195 (44.0%) in men.
The crude and standardized mortality rate (CMR and ASMR) by age for the PDCC-cancers was 38.9 and 31.6 in men and 44.2 and 29.7 in women.
The average age at the moment of death was 64 for breast cancer, 58 for cervical cancer, 78 for prostate cancer, 68 for colorectal and stomach cancer. In the case of acute pediatric leukemia, the average age of death was 9. Figure 3 describes the curves for age specific mortality rates. The mortality rate for breast cancer is higher for women below 65 years old. For older adult older than 65 years of age deaths are caused by prostate and stomach cancer. This is the reason why (M:I) is greater than 1 in women with cervical cancer and in men with prostate cancer over 70.
The specific mortality rates below 70 are higher in women with breast cancer. After 70 this is the reason why (M:I) is greater than 1 in men with prostate cancer and women with cervical cancer
Discussion
The Population-based Cancer Registry of Antioquia (or RPCAntioquia) compiled and classified all of the new cancer cases and cancer-related deaths that occurred in Medellin, the second most populated city in Colombia. This article presents the incidence and Figure 2 . Medellin, Colombia, 2010-2014. Age and Sex specific incidence rates (per 100,000 p-y) for the 9,538 cancers prioritized in the PDCC in Colombia. Source: Population-based Cancer Registry of Antioquia. A. The age specific incidence rates were higher for prostate cancer and lower for cervical cancer. The incidence of precursor lesions of cervical cancer peaked at approximately 40 years of age. B. The morbidity of gastric cancer was greater for men older than 45 years old, the difference was less apparent for colorectal cancer with a slightly higher rate in women below 50 years of age. The information provided by the RPC-A indicates that cancer is a public health problem in Medellin. It was the second cause of death after circulatory system diseases and responsible for 25% of deaths that occurred in the city The morbimortality risk for cancer in the region is determined by multiple factors. Cancer is part of a group of complex diseases of complex etiologies. Some factors are recognized, including genetic factors and lifestyle choices, like smoking, diet and exercise; certain types of infections and the exposition to some chemical substances and radiation 14 . In Medellin, the majority of cancer determinants are yet to be identified.
Lung cancer is the primary cause of mortality in men and women in Medellin during the five-year period. The prevalence of smoking in the city reaches 25.5%, inversely proportional to the educational level and the proportion of smokers is greater in people that also have a high consumption of alcohol. In Colombia, Medellin is recognized as the city with greatest level of air pollution, exceeding the norms established by the WHO and posing as a risk to human health. Mortality from lung cancer is 2.4 times greater than in Bogota and 1.7 times greater than the mortality in Colombia by the same cause 15, 16 . Different Mexican studies indicate that 50% of women with breast cancer are younger than 50 years old at the time of diagnosis, in contrast to 22% to the Caucasian population 17, 18 . In Medellin, the data shows that during 2010-2014, 42.5% of the cases occurred in women younger than 50. This increased proportion of cases in young women is important because the diagnosis and behavior are generally more aggressive, with a disproportionately greater number of years lost due to cancer 19, 20 This is a result of detection at advanced stages, a greater proportion of triple negative tumors with HER2 over-expression and higher rates of systemic relapse in any clinical stage in comparison with postmenopausal women [21] [22] [23] .
Prostate cancer was the first cause of morbidity and the second cause of cancer mortality in Medellin, 84.2% was concentrated in the 60 to 80 age group. Prostate cancer affects older men more frequently, which is an important health concern in developed countries (Table 2S ). In these countries 15% of cancers in men are prostate cancer in contrast to 4% in developing countries 24, 25 .
Malignant colorectal tumors in Medellin during 2010-2014 affected more women than men. In both sexes, the cases increased after 55 years of age. Colombia can be classified as a country with a low risk for colorectal cancer, but its incidence has increased, coinciding with profound lifestyle changes. The majority of Colombians live in capital cities, few follow the recommendations of exercising a minimum of 150 minutes a week and the prevalence of overweightness is an increasing trend. This condition is more prevalent in women and in the 50 to 64 age group 26, 27 . Gastric cancer is the principle cause of cancer mortality in Colombia 5 , the risk is greater for men and the age specific rates increase exponentially at 60 years of age (Table 2S and Figure 3 ). The epidemiology of disease varies considerably by region and sex, due to the difference in eating habits, age and other risk factors in the population 28 . In Colombia, gastric cancer has an annual incidence of 16.3/100,000 inhabitants and mortality is calculated at 14.2/100,000 inhabitants 5 . Five-year survival is less than 15% because patients are diagnosed at advanced stages [29] [30] [31] The cause M:I for gastric cancer was greater than 1, suggesting that incidence rates are underestimated (Table 1S) . . The average annual ASR was 144 per 100,000 men and 145 per 100,000 women during 2010-2014. These findings are comparable to those observed in Pasto (134 men and 146 women per 100,000), albeit lower than those in Cali (205 men and 186 women); Bucaramanga (154 men and 157 women) and Manizales (156 men and 165 women per 100,000). A notable difference from other cancer registries is that Medellin has a high percentage of cases by microscopy, which suggests possibly considering a subregister. The comparison of the ASR of PDCC-cancers in Medellin, data provided by the RPC-A, with the ASR reported by the RPC-Cali, RPC-Bucaramanga, RPC-Manizales and RPC-Pasto shows that the ASIR for breast and prostate cancer were similar to those reported by RPC-Manizales and lower than other Colombian cities. For stomach cancer the ASR in women showed little variation from 8.1 in Medellin and 11.9 in Pasto. In men there was greater contrast, 12.3 in Medellin to 26.5 in Pasto. In Medellin the incidence of colon cancer is lower than those reported in other registries with the exception of Pasto that reported the lowest ASR in both sexes for this malignant tumor. It is noteworthy that the ASR for cervical cancer in Medellin is lower than those reported by other registries (Table 2 ).
In Medellin the incidence rate of cervical cancer is below the national average and the mortality rates are very close to the goals proposed in the PDCC for 2021: Reduce the mortality rate of cervical cancer to 5.5 per 100,000 women. The work of the Sectional Secretary of Health and Social Protection of Antioquia is noteworthy, continuing the cervical cancer detection and control Program that the National Cancerology Institute implemented in Colombia during the 90s and later continued under the auspices of the National Institute of Health in the quality control Program in cervicouterine cytology. The peak of incidence of precursor lesions to cervical cancer in women below 35 is proof that the screening activities are effective in detecting in women in stages previous to invasive cancer ( Fig. 2) 2,36,37
.
Antioquia relies on a consolidated network of cytology laboratories, led by the Public Health Laboratory of the State of Antioquia and by means of the quality control Program, the awareness of undergoing conventional cytology is improving, detecting cervical cancer in pre-invasive stages, which is 100% curable. According to the National Survey of Demographics and Health (or ENDS for its acronym in Spanish) 2015 38 the practice of cytology in Antioquia was 96.2% and the percentage of women who have not undergone a cytology was 3.4%. This number confirms the wide coverage of screening tests in the Antioquian population.
Limitations
The low proportion of registered cases based on non-microscopic methods (2.5%) suggests that some cancer patients in the area were not captured and the data is incomplete. The cause M:I is greater than 1 in stomach cancers and in patients older than 70 with prostate and breast cancer.
Strengths
The data was obtained based on the population in the nucleus of the municipality of Medellin. The technical and financial guidance was provided by the Sectional Secretary of Health and Social Protection of Antioquia. The project was led by a medical doctor, a pathology specialist, an official of more than 30 years in this institution. 
